The anhydrous salts morpholinium (tetrahydro-2-H-1,4-oxazin-4-ium) phenoxyacetate, C 4 H 10 NO + ÁC 8 H 7 O 3 À , (I), morpholinium (4-fluorophenoxy)acetate, C 4 H 10 NO + ÁC 8 H 6 FO 3 À , (II), and isomeric morpholinium (3,5-dichlorophenoxy)acetate (3,5-D), (III), and morpholinium (2,4-dichlorophenoxy)acetic acid (2,4-D), C 4 H 10 NO + ÁC 8 H 5 Cl 2 O 3 À , (IV), have been determined and their hydrogen-bonded structures are described. In the crystals of (I), (III) and (IV), one of the the aminium H atoms is involved in a three-centre asymmetric cation-anion N-HÁ Á ÁO,O 0 R 1 2 (4) hydrogen-bonding interaction with the two carboxyl O-atom acceptors of the anion. With the structure of (II), the primary N-HÁ Á ÁO interaction is linear. In the structures of (I), (II) and (III), the second N-HÁ Á ÁO carboxyl hydrogen bond generates one-dimensional chain structures extending in all cases along [100] . With (IV), the ion pairs are linked though inversion-related N-HÁ Á ÁO hydrogen bonds [graph set R 4 2 (8)], giving a cyclic heterotetrameric structure.
Chemical context
Morpholine (tetrahydro-2-H-1,4-oxazine) is an moderately strong base (pK a = 8.33) and forms salts with a number of organic acids, some having medical applications, e.g. the salicylate (retarcyl, depasol), used as an analgesic, an antipyretic and an anti-inflammatory agent (O'Neil, 2001) . The crystal structures of a number of these morpholinate compounds have been reported, some examples of salts with substituted benzoic acids being the 4-aminosalicylate (André et al., 2009) , and a series of isomeric chloronitrobenzoates (2,4-, 2,5-, 4,2-, 4,3-and 5,2-) (Ishida et al., 2001a,b,c) . In these, cation-anion hydrogen-bonding interactions generate either one-dimensional chains or discrete cyclic heterotetrameric structures. Of interest is the mode of hydrogen bonding in crystals of the morpholinium salts of some phenoxyacetic acid analogues, no structures of which have been reported previously. The reaction of morpholine with phenoxyacetic acid (PAA), (4-fluorophenoxy)acetic acid (PFPA) and with the two isomeric homologues, (3,5-dichlorophenoxy)acetic acid (3,5-D) and the herbicidally active (2,4-dichlorophenoxy)acetic acid (2,4-D) (Zumdahl, 2010) , gave the anhydrous salts (I)-(IV), respectively. Their structures and hydrogen-bonding modes are reported on herein.
Structural commentary
The asymmetric units of (I)-(IV) comprise a morpholinium cation (B) and a phenoxyacetate anion (A) in (I) (Fig. 1) , a (4-fluorophenoxy)acetate anion (A) in (II) (Fig. 2) , a 3,5-dichlorophenoxyacetate anion (A) in (III) (Fig. 3 ) and a (2,4-dichlorophenoxy)acetate anion (A) in (IV) (Fig. 4) . The conformation of the oxoacetate side chains in the anions of (I) and (II) are essentially planar, with the defining torsion angle C1A-O11A-C12A-C13A = 176. 75 (14) and 176.53 (14) , respectively. This antiperiplanar (180AE30 ) conformation is similar to those of the parent acids PAA (À175.1
; Kennard et al., 1982) , PFPA [176.0 (6) ; Smith et al., 1992] and their proton-transfer salts, e.g. the ammonium salts of PAA [À177. 48 (18) ] and PFPA [À178. 98 (17) ] (Smith, 2014) . However, with the 3,5-D and 2,4-D salts, the side-chain conformations are both synclinal (90AE30 ) [À76.5 (2) in (III) and 72.91 (19) in (IV)], similar to that in the parent acid 2,4-D (75.2 ; Smith et al., 1976) , in the tryptaminium salt of 2,4-D [81. 2 (6) ; Smith & Lynch, 2015a] and in the 2:1 salt-adduct of 3,5-D with 4,4 0 -bipyridine [À71.6 (3) ; Lynch et al., 2003 ]. However, in the tryptaminium salt of 3,5-D (Smith & Lynch, 2015b) , the ammonium salts of both 2,4-D (Liu et al., 2009 ) and 3,5-D (Smith, 2014) The atom-numbering scheme and the molecular conformation of the morpholinium cation (B) and the 4-fluorophenoxy)acetate anion (A) in (II), with displacement ellipsoids drawn at the 40% probability level. The cation-anion hydrogen bond is shown as a dashed line.
Figure 3
The atom-numbering scheme and the molecular conformation of the morpholinium cation (B) and the 3,5-D anion (A) in (III), with displacement ellipsoids drawn at the 40% probability level. The cationanion hydrogen bonds are shown as dashed lines.
Figure 4
The atom-numbering scheme and the molecular conformation of the morpholinium cation (B) and the 2,4-D anion (A) in (IV), with displacement ellipsoids drawn at the 40% probability level. 
Supramolecular features
In the crystals of both (I), (III) and (IV), a primary threecentre R Tables 1, 3 and 4) . With (II), the second N-HÁ Á ÁO distance is 3.241 (2) Å .
The hydrogen-bonding extensions involving the second aminium H atom of the cation result in different structures in (I)-(III) compared to that in (IV). With (I)-(III), the primary heterodimers are all extended along a through an N1B-HÁ Á ÁO14A
i hydrogen bond (Tables 1-3, The one-dimensional hydrogen-bonded polymeric structure of (I) extending along a. For symmetry codes, see Table 1 . Table 1 Hydrogen-bond geometry (Å , ) for (I). Symmetry codes: (i) x À 1; y; z; (ii) x þ 1; y þ 1; z À 1; (iii) Àx; Ày þ 1; Àz þ 1.
Table 2
Hydrogen-bond geometry (Å , ) for (II). Symmetry codes: (i) x þ 1; y; z; (ii) Àx; Ày þ 2; Àz þ 1.
Table 3
Hydrogen-bond geometry (Å , ) for (III). Symmetry codes: (i) x À 1; y; z; (ii) x þ 1; y; z. Table 4 Hydrogen-bond geometry (Å , ) for (IV). 
Figure 6
The one-dimensional hydrogen-bonded polymeric structure of (II) extending along a. For symmetry codes, see Table 2 . bonded structure type found among the anhydrous aromatic morpholinium benzoate salts, e.g. with salicylic acid (Smith & Lynch, 2015b) and with 2-chloro-4-nitrobenzoic acid (Ishida et al., 2001a) . In both of these examples, helical chains extend along 2 1 screw axes in the crystals. Present also in structures of (I)-(IV) are minor weak inter-unit C-HÁ Á ÁO interactions: in (I), C4A-HÁ Á ÁO4B
ii ( The one-dimensional hydrogen-bonded polymeric structure of (III) extending along a. For symmetry codes, see Table 3 Figure 8
The cyclic hydrogen-bonded heterotetramer structure of (IV). For symmetry codes, see Table 4 .
C6B-HÁ Á ÁO13A iii (Table 2 ): in (III), Cl2A-HÁ Á ÁO13A
ii (Table 3 ). In the crystal of (IV), the second N1B-HÁ Á ÁO14A i hydrogen bond generates a centrosymmetric heterotetrameric ring structure [graph set R 2 4 (8)] (Fig. 8 ). For symmetry code (i), see Table 4 . This cyclic system typifies the second structure type also found in a number of examples of morpholinium salts with ring-substituted benzoic acids, e.g. in the 2-chloro-5-nitro-, 4-chloro-2-nitro-, 4-chloro-3-nitro-and 5-chloro-2-nitrobenzoate series (Ishida et al., 2001a,b,c] and in the 4-aminosalicylate (André et al., 2009) .
Only weak inter-unit C-HÁ Á ÁO interactions to carboxyl or phenoxy O-atom acceptors are present in (IV) ( Table 4) , while no -interactions are found in any of the structures.
Synthesis and crystallization
The title compounds (I)-(IV) were prepared by the dropwise addition of morpholine at room temperature to solutions of phenoxyacetic acid (150 mg), (4-fluorophenoxy)acetic (170 mg), (2,4-dichlorophenoxy)acetic acid or (2,4-dichlorophenoxy)acetic acid (220 mg), respectively, in 15 ml of ethanol. Room-temperature evaporation of the solutions gave either colourless plates of (III) or needles of (IV) from which specimens were cleaved for the X-ray analyses. For (I) and (II), the same preparative procedure was employed using phenoxyacetic acid or (4-fluorophenoxy)acetic acid but the final oils which resulted after solvent evaporation were redissolved in ethanol, finally giving thin colourless fragile plates of compounds (I) and (II) from which specimens were cleaved for the X-ray analyses.
Refinement details
Crystal data, data collection and structure refinement details are given in Table 5 . H atoms were placed in calculated positions (aromatic C-H = 0.95 Å or methylene C-H = 0.99 Å ) and were allowed to ride in the refinements, with U iso (H) = 1.2U eq (C). The aminium H atoms were located in difference Fourier analyses and were allowed to refine with distance restraints [N-H = 0.90 (2) Å ] and U iso (H) = 1.2U eq (N). 
Computing details
For all compounds, data collection: CrysAlis PRO (Agilent, 2014 ); cell refinement: CrysAlis PRO (Agilent, 2014) ; data reduction: CrysAlis PRO (Agilent, 2014 ). Program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) 
for (I), (II);
SIR92 (Altomare et al., 1993) for (III), (IV). For all compounds, program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) within WinGX (Farrugia, 2012) ; molecular graphics: PLATON (Spek, 2009) ; software used to prepare material for publication: PLATON (Spek, 2009 ).
(I) Tetrahydro-2H-1,4-oxazin-4-ium phenoxyacetate
Crystal data Special details Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the variances of the (full) variance-covariance matrix. The cell esds are taken into account in the estimation of distances, angles and torsion angles Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma (F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. Special details Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the variances of the (full) variance-covariance matrix. The cell esds are taken into account in the estimation of distances, angles and torsion angles Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 121.00 N1B-C6B-H61B 110.00 C2A-C3A-H3A
121.00 N1B-C6B-H62B 110.00 C4A-C5A-H5A
121.00 C5B-C6B-H61B 110.00 C6A-C5A-H5A
121.00 C5B-C6B-H62B 110.00 C5A-C6A-H6A 120.00 H61B-C6B-H62B 108.00 C1A-C6A-H6A 120.00 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å

Geometric parameters (Å, º)
Cl3A-C3A ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
